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Abstract
Introduction  There is no proven therapy to reverse or 
ameliorate fetal growth restriction (FGR). Sildenafil, a 
selective phosphodiesterase 5 (PDE5) inhibitor, has been 
reported to potentially play a therapeutic role in FGR, but 
this has not been established. Tadalafil is also a selective 
PDE5 inhibitor. We have demonstrated the efficacy of 
tadalafil against FGR along with short-term outcomes 
and the feasibility of tadalafil treatment. Based on the 
hypothesis that tadalafil will safely increase the likelihood 
of increased fetal growth in FGR, we designed this phase 
II study to prospectively evaluate the efficacy and safety of 
tadalafil against FGR.
Methods and analysis  This study is a multicentre, 
randomised controlled phase II trial. A total of 140 
fetuses with FGR will be enrolled from medical centres 
in Japan. Fetuses will be randomised to receive either 
the conventional management for FGR or a once-
daily treatment with 20 mg of tadalafil along with the 
conventional management until delivery. The primary 
endpoint is fetal growth velocity from the first day of the 
protocol-defined treatment to birth (g/day). To minimise 
bias in terms of fetal baseline conditions and timing of 
delivery, a fetal indication for delivery was established 
in this study. The investigator will evaluate fetal baseline 
conditions at enrolment and will decide the timing of 
delivery based on this fetal indication. Infants will be 
followed up for development until 1.5 years of age.
Ethics and dissemination  This study was approved by 
the Institutional Review Board of Mie University Hospital 
and each participating institution. Our findings will be 
widely disseminated through peer-reviewed publications.
Trial registration number  UMIN000023778.

Introduction
Fetal growth restriction (FGR) is a common 
complication of pregnancy that is associated 
with a variety of adverse perinatal outcomes. 
Although the main indication when treating 
FGR is to consider the appropriate termi-
nation of the pregnancy, fetal prematurity 

depending on gestational age (GA) is a 
serious problem, as shown by the multicentre 
survey of very low birthweight (VLBW) 
infants in Japan conducted by Kusuda et 
al.1 There is also no proven fetal therapy to 
reverse or ameliorate established FGR.2 To 
prevent FGR, nutritional and dietary supple-
mentation, bed rest, and aspirin therapy have 
been investigated, but there is insufficient 
evidence for the routine indication of any of 
these treatments.3 

Fetal growth is promoted by an adequate 
increase of uteroplacental perfusion. Vaso-
dilation in the uteroplacental unit is prob-
ably due to the production and local release 
of nitric oxide (NO), which stimulates 
cyclic guanosine monophosphate (cGMP) 

Strengths and limitations of this study

►► This is a multicentre, randomised controlled phase II 
trial to prospectively evaluate the efficacy and safety 
of tadalafil treatment in fetuses with fetal growth re-
striction (FGR), for which there is no proven therapy.

►► Participants include major medical centres provid-
ing treatment for fetuses with FGR according to the 
guidelines for obstetrical practice in Japan.

►► To minimise bias in terms of fetal baseline condi-
tions and timing of delivery, a fetal indication for 
delivery was established in this study on the basis 
of the results from a multicentre survey in Japan.

►► The possible limitation is related to open-label trial 
features, in which enrolled participants receive ei-
ther the conventional management for FGR accord-
ing to the guidelines for obstetrical practice in Japan 
or a once-daily treatment with 20 mg of tadalafil in 
addition to the conventional management.

►► It is possible that small for gestational age (SGA)was 
included among the cases of FGR without Doppler 
abnormalities in this study.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-020948
http://dx.doi.org/10.1136/bmjopen-2017-020948
http://dx.doi.org/10.1136/bmjopen-2017-020948
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2017-020948&domain=pdf&date_stamp=2018-010-30
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production.4 cGMP is inactivated mainly by phosphodies-
terase (PDE), and PDE5 exists mainly in vascular smooth 
muscle cells.

It is now expected that PDE inhibitors could become 
therapeutic agents for FGR in light of the inhibitors’ 
artery dilation function, as confirmed in studies of 
erectile dysfunction and pulmonary hypertension.5 
Sildenafil, a selective PDE5 inhibitor, has been shown 
to improve endothelial function in myometrial small 
arteries removed from women with pre-eclampsia 
and FGR.6 7 Although some reports have described 
an effect of sildenafil on maternal hypertension, the 
effectiveness of sildenafil for rats with FGR induced 
by L-NG-nitroarginine methyl ester (L-NAME) was not 
shown except in Baijnath et al.8–11 They reported that 
sildenafil improved the fetal growth of FGR induced 
by L-NAME.10 Their study showed the improvement of 
growth from 4 days postcoitum (dpc) to 8 dpc, but not 
from 8 dpc to 14 dpc. In mouse placenta, chorioallan-
toic attachment occurs at 8 dpc, and the mature circu-
latory pattern of maternal blood through the placenta 
is established by 10 dpc.12 13 In a clinical study, it was 
reported that sildenafil was associated with increased 
fetal abdominal circumference growth velocity in severe 
early-onset FGR, but the authors did not describe the 
fetal growth velocity or birth weight.14 The Sildenafil for 
Severe Fetal Growth Restriction (STRIDER)  UK group 
recently reported obtaining no evidence of a beneficial 
effect of sildenafil on survival or short-term neonatal 
outcomes.15

Tadalafil is another selective PDE5 inhibitor with 
a longer half-life and a more rapid onset of action 
compared with sildenafil.5 There are several reports 
showing the safety of tadalafil treatment for pregnant 
women.16–18 Regarding the plasma concentration and 
the bioavailability of the drug, tadalafil is less suscep-
tible to the intake of a high-fat meal and less influenced 
by sex compared with sildenafil.19 20 Our animal experi-
ments demonstrated that tadalafil treatment dilates the 
maternal blood sinuses in the placenta, which leads to 
increased placental growth factor (PlGF) production 
and contributes to the facilitation of fetal growth.21 In 
those animal experiments, we can safely presume that 
tadalafil treatment contributed to the facilitation of 
fetal growth via mechanisms associated with NO signal-
ling, because the tadalafil treatment was initiated after 
blood spaces in the placenta were narrowed by the 
L-NAME treatment and an elevated urinary excretion 
of cGMP was observed.

We also retrospectively analysed the cases of 11 Japanese 
singleton pregnant women showing FGR who received 
tadalafil along with conventional management for FGR 
at Mie University Hospital from July 2015 to February 
2016 (the tadalafil group).22 The women were matched 
for maternal age, parity and GA, and we also estimated 
fetal weight at enrolment among 14 singleton pregnant 
women who had received only the conventional manage-
ment for FGR in 2014 (the conventional management 

group). The conventional management for FGR was 
performed according to the guidelines for obstetric prac-
tice in Japan.23 This retrospective study showed that both 
fetal growth velocity from enrolment to birth and birth 
weight were significantly higher in the tadalafil group 
than in the conventional management group. Moreover, 
the prevalence of respiratory distress syndrome (RDS) 
was significantly lower in the tadalafil group compared 
with the conventional management group.

As the next step, a phase I trial was conducted to 
confirm the safety of tadalafil administration for FGR.24 
No severe adverse event was seen following the initiation 
of a daily tadalafil dose of 10 mg, 20 mg or 40 mg except 
for one intrauterine fetal death case. That case was imme-
diately reviewed by the Safety Evaluation Committee, 
which concluded that the intrauterine fetal death was 
due to velamentous insertion of the umbilical cord.25 We 
concluded that tadalafil treatment was feasible in preg-
nant women showing FGR.24

Based on the above data, we hypothesised that tadalafil 
therapy can safely increase the likelihood of increased 
fetal growth in fetuses with FGR, and we designed the 
present multicentre, randomised controlled phase II 
study to further examine the efficacy and safety of fetal 
therapy with tadalafil (A multicenter phase II trial of the 
efficacy and safety of tadalafil in fetus with early-onset 
growth restriction: TADAFER II). This study will prospec-
tively evaluate the safety and efficacy of tadalafil against 
FGR with the participation of major medical centres 
providing treatment for fetuses with FGR according to 
the guidelines for obstetrical practice in Japan.

Methods
Study design
This study is a multicentre, randomised controlled phase 
II trial.

Study period
The planned study period is from the date of ethics 
approval to February 2021. The patient registration 
period will last until December 2018 starting from the 
date of ethics approval. The data collection and follow-up 
will be performed until 1.5 years after birth of the chil-
dren registered under this study. Data collected by the 
end of the neonatal evaluation period will be subjected to 
statistical analysis.

Patient selection
The inclusion criteria are as follows: (1) pregnant women 
≥20 years; (2) estimated fetal weight (EFW) should be 
less than 1.5 SD of the mean EFW for GA; (3) GA should 
be between 20+0 and 33+6 weeks; (4) the expected date 
of confinement is determined using the criteria in the 
guidelines for obstetrical practice in Japan (2014); (5) 
only singleton pregnant patients should be selected; and 
(6) signed written informed consent should be obtained 
from the patients.
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The exclusion criteria are as follows: (1) a result from 
the antepartum fetal tests, done at enrolment, which 
indicates that delivery should be attempted*; (2) history 
of allergy to tadalafil; (3) concurrent medications that 
interact adversely with tadalafil; (4) contraindication of 
tadalafil treatment due to renal disease; (5) contrain-
dication of tadalafil treatment due to liver disease; (6) 
contraindication of tadalafil treatment due to uncon-
trolled arrhythmia, hypertension (blood pressure (BP) 
>170/100 mm Hg) and hypotension (BP <80/40 mm 
Hg); (7) fetus with suspected chromosomal disorder 
and/or multiple congenital anomalies; (8) contraindi-
cation of tadalafil treatment due to retinitis pigmentosa, 
coagulation defect, active gastric and/or intestinal ulcer, 
or venous obstructive disease; and (9) investigators’ deci-
sion that the entry is inappropriate**.

*To minimise bias in terms of fetal baseline condition at 
enrolment, a fetal indication for delivery was established 
on the basis of the results from the multicentre survey of 

VLBW infants in Japan using a network database, in which 
the 82 level III perinatal centres were registered. The survey 
data included infant survival rate in the neonatal intensive 
care unit (NICU), categorised by birth weight and gesta-
tional week at birth (figure  1).1 The infant survival rate 
data acquired from the survey were preprocessed with the 
moving average method and divided into three groups. 
The first group was defined as ‘Zone 1’, where the infant 
survival rate in the NICU was less than 60%. The second 
group was defined as ‘Zone 2’, where the infant survival rate 
in the NICU ranged from 60% to 95%. The third group 
was defined as ‘Zone 3’, where the infant survival rate in 
the NICU was 95% or higher. All patients in our study 
will undergo antepartum fetal tests consisting of the eval-
uation of fetal well-being by ultrasonography, including 
Doppler imaging of umbilical arterial blood flow, non-stress 
test, contraction stress test and biophysical profile scoring 
depending on GA, to evaluate possible pregnancy termina-
tion by the investigator at enrolment (table 1).23 25 26

Figure 1  Infant survival rate in the neonatal intensive care unit (NICU) categorised by birth weight and gestational week at 
birth (%). This figure is established on the basis of the results from the multicentre survey of very low birthweight infants in 
Japan using a network database. The survey data included infant survival rates in the NICU, categorised by birth weight and 
gestational week at birth.1 The infant survival rate data acquired from the survey were preprocessed with the moving average 
method and divided into three groups. The first group was defined as ‘Zone 1’, where the infant survival rate in the NICU was 
less than 60% (highlighted by the red background). The second group was defined as ‘Zone 2’, where the infant survival rate in 
the NICU ranged from 60% to 95% (highlighted by the yellow background). The third group was defined as ‘Zone 3’, where the 
infant survival rate in the NICU was 95% or higher (highlighted by the blue background).
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Registration
The study protocol defines all the procedures and sched-
ules that the investigator must abide by to complete this 
clinical study, including patient selection and registra-
tion, fetal treatment of FGR, and follow-up (figure  2). 
Patients who satisfy all inclusion criteria and do not meet 
any of the exclusion criteria will be eligible for inclusion 
in the study. Individual study sites will be responsible for 
guiding potential participants through the informed 
consent process, including patients who have been 
referred to them for treatment purposes. The investi-
gator will enter an eligible patient’s information into the 
eligibility confirmation form on the website of this clin-
ical trial (the Clinical Trial Data Management System: 
Japanese-only website). The data management system 
will check the content of the form before registering 
the patient. For patients who meet all inclusion criteria 
without violating any of the exclusion criteria listed above, 
the data management system will register and allocate 
them to the two arms in an allocation ratio of 1:1, one 
group receiving the conventional management of FGR 
according to the guidelines for obstetrical practice in 
Japan23 and the other receiving once-daily treatment with 
20 mg tadalafil added to conventional management after 
adjustment for study sites and GA (<28 or ≥28 weeks of 
gestation). The investigators are blinded to the allocation 
algorithm. Enrolled participants will receive fetal therapy 
within 7 days of registration. The investigator will enter 
patients’ data into the case report form on the website 
of this clinical trial (the Clinical Trial Data Management 
System).

Fetal treatment protocol
The investigator will provide the fetal therapy as described 
below.

Arm A
The conventional management of FGR according to 
the guidelines for obstetrical practice in Japan will be 
followed.23 Briefly, the conventional management of FGR 
consists of evaluation of fetal well-being on ultrasonog-
raphy, including Doppler imaging of umbilical arterial 
blood flow, non-stress test, contraction stress test and 
biophysical profile scoring depending on GA to evaluate 
possible pregnancy termination.

Arm B
Patients will be provided a once-daily treatment with 
20 mg tadalafil added to the conventional management 
until delivery.

The investigators are blinded to the allocation algo-
rithm. Enrolled participants will receive fetal therapy 
within 7 days of registration.

Endpoints
Primary endpoint
The primary endpoint is fetal growth velocity from the 
first day of the protocol-defined treatment to birth (g/
day), and is calculated using the following formula:

	 ‍=
Fetal growth velocity (g/days) Birthweight − EFW at the first day of the treatment [g]

Days of the treatment [days] ‍�

Rationale for the primary endpoint
Our primary hypothesis is that tadalafil therapy will 
increase the likelihood of increased fetal growth velocity 
in fetuses with FGR. Taking into account the results of 
our retrospective study demonstrating that tadalafil 
treatment increased fetal growth velocity (g/day), which 
was the primary outcome of the retrospective study, and 
decreased the incidence of RDS, an improvement in fetal 
growth velocity from the first day of the protocol-defined 
treatment to birth (g/day) is an important indicator of 
the therapeutic benefits for fetuses with FGR.22 The cases 

Table 1  A fetal indication for delivery in the tadalafil for fetus with early-onset growth restriction (TADAFER) II study23 25 26

Infant survival rate in 
the neonatal intensive 
care unit (NICU) (see 
figure 1)

Zone 1 Decide timing of delivery depending on available therapeutic measures at the NICU in each institute.

Zone 2 Consider delivery if at least one of three findings is made, but place a high priority on the determination by the 
investigators.
1.	 Reversed umbilical artery blood flow during diastole.
2.	 Score less than 4 on the fetal biophysical profile score.
3.	 Fetal heart rate patterns in the orange or red category for more than 30 min.26

Zone 3 Consider delivery if at least one of the following five findings is made, but place a high priority on the determination by 
the investigators.
1.	 Reversed or absent umbilical artery blood flow during diastole.
2.	 Score less than 4 on the fetal biophysical profile score (score less than 6 on the fetal biophysical profile score if 

oligohydramnios is present).
3.	 Fetal heart rate patterns in the orange or red category for more than 30 min.26

4.	 Positive contraction stress test.
5.	 Impaired fetal head circumference growth for more than 2 weeks.

**Regarding exclusion criterion 9 (the investigator decides that entry is inappropriate), this study excludes mothers with mental or psychiatric 
problems, since poor judgement capabilities that are often associated with such conditions may not be compatible with inclusion criterion 6.
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of fetal death were included in the analysis of primary 
endpoint.

Secondary endpoints
Completion rate of the treatment regimen
Completion rate of the treatment regimen is defined 
as the percentage of enrolled patients who receive the 
protocol-defined treatment for more than 7 days.

Efficacy endpoints
1. Estimated fetal weight (g).

Estimated fetal weight (EFW) is calculated using the 
following formula27:

	‍
EFW (g) = 1.07 × (biparietal diameter or BPD)3 + 0.3
× (abdominal circumference or AC)2 × (femur length or FL)‍�

2. Fetal growth velocity in the 2 weeks after the proto-
col-defined treatment and in the 2 weeks after 1 week of 
the protocol-defined treatment (g/day). 

Fetal growth velocity in the 2 weeks after the proto-
col-defined treatment (g/day) is calculated using the 
following formula:

	‍

Fetal growth velocity in the two weeks after the
protocol − defined treatment (g/day)
= (EFW two weeks after the treatment−defined treatment (g/day))

14 [days] ‍�

Fetal growth velocity in the 2 weeks after 1 week of the 
protocol-defined treatment (g/day) is calculated using 
the following formula:

	

‍

Fetal growth velocity in the two weeks after one week of the
treatment(g/days) protocol − defined treatment (g/day)
= (EFW three weeks after the treatment−EFW one week after the treatment [g])

14 [days] ‍
�

3. Fetal growth rate in the 2 weeks after the protocol-de-
fined treatment and from the first day of the protocol-de-
fined treatment to birth (%/day).

Fetal growth rate in the 2 weeks after the protocol-de-
fined treatment (%/day) is calculated using the following 
formula:

Fetal growth rate in the 2 weeks after the protocol-de-
fined treatment (%/day)

Figure 2  Summary of the study design. FGR, fetal growth restriction; GA, gestational age.
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	 ‍=
EFW two weeks after the treatment EFW at the first day of the treatment

[
g
]

EFW at the first day of the treatment
[
g
] ×100

14
[
days

]
‍�

Fetal growth rate from the first day of the protocol-de-
fined treatment to birth (%/day) is calculated using the 
following formula:

Fetal growth rate from the first day of the protocol-de-
fined treatment to birth (%/day)

	
‍
=

Birthweight EFW at the first day of the treatment
[
g
]

EFW at the first day of the treatment
[
g
] ×100

Days of the treatment
[
days

]
‍
�

4. Fetal head circumference (cm).
The fetal head circumference was measured at the 

plane of the third ventricle with the thalamus in the 
central portion and the cavum septi pellucidi visible in 
the anterior portion.

5. Doppler imaging of umbilical arterial blood flow.
Umbilical arterial blood flow was examined by Doppler 

ultrasound according to the Society for Maternal-Fetal 
Medicine Clinical Guidelines.28

6. Deepest amniotic fluid pocket (cm).
The deepest amniotic fluid pocket was measured by 

transabdominal ultrasonography.
Fetal head circumference, deepest amniotic fluid 

pocket and Doppler imaging of umbilical arterial blood 
flow are evaluated according to the flow chart as shown 
in table 2:

7. Prolongation of GA at birth (days).
Prolongation of GA at birth is defined as days from the 

first day of the protocol-defined treatment to birth.
8. Birth weight (g).
Birth weight is defined as the weight of the infant at 

birth.
9. GA at birth.
GA at birth is defined as the gestational age at birth.
10. Apgar score.
The Apgar score consists of an evaluation of five factors: 

heart rate, respiratory effort, muscle tone, responsiveness, 
and colour at 1 min and 5 min after birth.

11. Umbilical artery pH and base excess values.
Umbilical artery pH and base excess are measured at 

delivery.

12. Incidence rate of pre-eclampsia.
Incidence rate of pre-eclampsia is defined as the 

percentage of enrolled patients who develop pre-ec-
lampsia after the protocol-defined treatment.

13. Paediatric developmental assessment until 1.5 years 
of age.

Paediatric developmental assessment includes physio-
logical and neurological developmental assessment, and 
infant complications including cerebral palsy, epilepsy 
and death. In the neurodevelopment test in this study, 
the Kyoto Scale of Psychological Development 2001 was 
used. Evaluation of neurodevelopment was performed by 
a paediatric neurologist.

Safety endpoints

1. Incidence rate of obstetric complications.
Incidence rate of obstetric complications including 
hypertensive disorders of pregnancy (HDP) is defined as 
the percentage of enrolled patients who develop obstetric 
complications after the protocol-defined treatment.

2. Perinatal mortality.
Perinatal mortality is defined to include stillbirths (occur-
ring after 22 weeks of gestation) and neonatal deaths 
(occurring up to 7 days after birth).

3. Neonatal mortality.
Neonatal mortality is defined as neonatal deaths occur-
ring up to 28 days after birth.

Stopping criteria
The investigator must discontinue the protocol-defined 
treatment when certain events prevent continuation 
of the protocol treatment. These events include the 
following:
1.	 The mother has withdrawn her consent for participa-

tion in this study.
2.	 Certain events prevent continuation of the protocol 

treatment, which include the following:
–– A serious adverse drug reaction to tadalafil has de-

veloped.

Table 2  Fetal head circumference, deepest amniotic fluid pocket and Doppler imaging of umbilical arterial blood flow 
evaluation flow chart

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Every 2 weeks 
before 
36 weeks 
of GA after 
visit 5

Every 1 week 
at or after 
37 weeks of 
GA

Day of 
enrolment

1 week 
after the 
enrolment

2 weeks 
after the 
enrolment

3 weeks after the 
enrolment

4 weeks after the 
enrolment

Fetal head 
circumference

● ● ● ● ● ● ●

Deepest amniotic fluid 
pocket

● ● ● ● ● ● ●

Doppler imaging of 
umbilical arterial blood 
flow

● ● ● ● ● ● ●

GA, gestational age.
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–– The investigator’s decision to prioritise other man-
agement including termination of the pregnancy 
instead of continuation of the protocol-defined 
treatment.

–– The investigator’s decision that it is inappropriate to 
continue with the protocol treatment.

–– The mother’s poor compliance or discontinuation 
of the protocol treatment.

Criteria for delivery
In this study, to minimise bias in terms of the timing of 
delivery, a fetal indication for delivery is established on 
the basis of the results from the multicentre survey of 
VLBW infants in Japan using a network database (figure 1 
and table 1). After registration, all patients will receive the 
conventional management of FGR according to the guide-
lines for obstetrical practice in Japan regardless of the treat-
ment arm.23 Briefly, the conventional management of FGR 
consists of the evaluation of fetal well-being on ultrasonog-
raphy, Doppler imaging of umbilical arterial blood flow, 
non-stress test, contraction stress test and biophysical profile 
scoring depending on GA to evaluate possible pregnancy 
termination. The investigator will evaluate the fetal condi-
tion and decide timing of delivery referring to table 1. For 
other complications such as preterm labour, rupture of the 
membranes and HDP, the investigator will follow the guide-
lines for obstetric practice in Japan.23 The investigator must 
provide a report that explains the reason for termination of 
the pregnancy on the website of this clinical trial (the Clin-
ical Trial Data Management System).

Monitoring safety during the fetal therapy
The investigator must pay close attention to the safety of 
the fetus and the mother. As shown in the study schedule, 
the protocol-defined assessments include evaluation of 
maternal BP and pulse rate, maternal blood and urine 
tests (blood fibrinogen and antithrombin III levels, liver 
and renal function tests, serum electrolyte levels, and 
qualitative urine protein excretion), and maternal serum 
PlGF and soluble FMS-like tyrosine kinase receptor-1 
levels. Other assessments include adverse events assessed 
by medical consultation and antepartum fetal tests 
consisting of ultrasonography including Doppler imaging 
of blood flow (umbilical artery, middle cerebral artery 
and uterine artery), non-stress test, contraction stress test 
and biophysical profile scoring depending on GA. The 
investigator will enter patients’ safety data into the case 
report form on the website of this clinical trial (the Clin-
ical Trial Data Management System).

Safety Evaluation Committee
The Safety Evaluation Committee is responsible for the 
overall safety of this clinical study. To ensure the safety 
of the protocol-defined treatment, the Safety Evaluation 
Committee will review the adverse events of tadalafil 
treatment. The safety committee will have blind access 
to the data. If a seriously adverse event develops, the 
investigator will provide the Secretariat with the neces-
sary information within 24 hours of its onset, according 
to the predetermined procedure. Then the Secretariat 
will forward the obtained information without delay to 
the Safety Evaluation Committee for review. The Safety 
Evaluation Committee will notify the investigator of the 
review results. If the adverse event is definitely or prob-
ably related to tadalafil treatment, the ethics committee 
of Mie University Hospital or each institute will consider 
possible termination of this clinical study. Special atten-
tion must be paid to the reporting requirements stip-
ulated in the Ethical Guidelines for Clinical Studies 
(Ministry of Health, Labour and Welfare in Japan, 2017). 
Infants will be followed up and evaluated for physiolog-
ical and neurological development until 1.5 years of age.

Sample size
The sample will include 140 fetuses and their mothers.

Rationale for the target sample size
Table  3 shows the summary of the distribution of fetal 
growth velocity from enrolment to birth in our retro-
spective study.22 We estimate that the distribution of 
fetal growth velocity of this prospective phase II trial will 
be similar to that of our retrospective study. When the 
results of our prospective study are analysed by Wilcoxon 
rank-sum test and group comparisons, with an α of 0.05, 
two-sided, we will have 90% power to detect a difference 
if we randomise 62 women per group. Allowing for a 10% 
dropout rate, the total sample size required is 140 women.

Statistical analysis
Analysis is done on all randomised fetuses who receive 
the protocol-defined treatment at least once, as the full 
analysis set. All randomised participants with outcome 
data available will be included in the analyses, which will 
be performed on an intention-to-treat basis, according to 
the treatment allocation at randomisation. Analysis as per 
protocol set (ie, removing patients who do not meet the 
inclusion and exclusion criteria) is done as a secondary 
analysis population for sensitivity analysis. All outcome 
measures are presented as summaries of descriptive statis-
tics (mean (SD) or median (minimum, maximum and 

Table 3  Distribution of fetal growth velocity from enrolment to birth in the retrospective study conducted at Mie University 
Hospital

Fetal growth velocity (g/day) <5 ≥5 to <10 ≥10 to <15 ≥15 to <20 ≥20 to <25 ≥25

Conventional management group (%) 5.3 10.5 21.1 47.3 15.8 0
Tadalafil group (%) 0 8.3 8.3 50.0 16.7 16.7
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IQR) for continuous measures, and the numbers and 
proportions for ordinal and dichotomous measures). 
Descriptive statistics for the primary endpoint, that is, 
fetal growth velocity from the first day of the protocol-de-
fined treatment to birth (g/day), are analysed for each 
treatment arm by the Wilcoxon rank-sum test and group 
comparisons. All analyses are performed according to a 
prespecified statistical analysis plan. The Data Coordi-
nating Center in Mie University Hospital supports the 
data management, statistical analysis and reporting of the 
study.

Ethics and dissemination
Written informed consent will be obtained from all 
mothers before they are recruited. This trial has been 
registered in the UMIN Clinical Trials Registry as 
UMIN000023778 (https://​upload.​umin.​ac.​jp/​cgi-​open-​
bin/​ctr/​ctr_​view.​cgi?​recptno=​R000027132). Our find-
ings will be widely disseminated through conference 
presentations and peer-reviewed publications.

Participating institutions
Mie University, Showa University, Osaka University, 
Nagoya University, Mie Chuo Medical Center, Municipal 
Yokkaichi Hospital, Ise Red Cross Hospital, St Marianna 
University, Juntendo University, Jikei University, Toho 
University, Yokohama City University Medical Center, 
Kanagawa Children’s Medical Center, Ehime Univer-
sity, Hamamatsu University School of Medicine, Osaka 
Medical College, Niigata University, Showa University 
Northern Yokohama Hospital, Showa University Koto 
Toyosu Hospital, Gifu University, University of the Ryukyu, 
Shiga University, Shinshu University, Ehime Prefectural 
Central Hospital, Akita University, Tokyo Metropolitan 
Bokutoh Hospital, Kyorin University, Tokyo Metropol-
itan Tama Medical Center, Kuwana East Medical Center, 
Kanazawa University, Nagasaki Medical Center, Univer-
sity of Toyama, Yamaguchi University, Toyota Memorial 
Hospital, Kainan Hospital, Dokkyo Medical University, 
Saga Hospital, Kyoto Prefectural University, Toyama 
Central Prefectural Hospital, Sapporo City General 
Hospital, Kagoshima University, Mie Prefectural General 
Medical Center, Kyoto University, Sakakibara Heart Insti-
tute and University of Fukui.

Patient and public involvement
Patients with FGR have helped to prioritise this research 
question through a James Lind Alliance Priority Setting 
Partnership, which highlighted this as a priority topic. 
Patients were not involved in the design of this study 
and in the recruitment to and conduct of this study. 
The results of this study will be informed by the home 
page of Mie University Obstetrics and Gynecology. For 
randomised controlled trials, there is no burden of the 
intervention by patients themselves. Patients and/or the 
public were not involved in this trial.

The original protocol is available in online supplemen-
tary file 1.

Discussion
This protocol has already been approved by the Institu-
tional Review Board of Mie University Hospital and 39 
institutions in Japan. Fetuses with FGR will be enrolled 
from these institutions. As the fetal growth velocity from 
the first day of the treatment to birth has been defined 
as the primary endpoint and fetuses will be randomly 
assigned based on an open-label design, timing of delivery 
should be made on the basis of similar criteria as much 
as possible. This study is the first nationwide intervention 
study in the field of obstetrics in Japan. We selected an 
open-label study design with a strict fetal management 
algorithm on the basis of the results from a multicentre 
Japanese survey instead of a placebo-controlled design 
because of operational challenges including low accept-
ability by pregnant women in Japan. Each participating 
medical centre can provide treatment for fetuses with 
FGR by board-certified members of the Japan Society of 
Obstetrics and Gynecology, and the investigator will be 
able to optimally decide timing of delivery according 
to the guidelines for obstetrical practice in Japan.23 To 
make more accurate decisions, a fetal indication for 
delivery is established in this study on the basis of the 
results from the multicentre survey in Japan, in which 82 
level III perinatal centres, including 8 sites participating 
in this study, were registered (table 1).1 The fetal indica-
tion for delivery is divided into three groups depending 
on infant survival rate in the NICU. As all patients will 
undergo antepartum fetal tests consisting of evaluation 
of fetal well-being by ultrasonography, including Doppler 
imaging of umbilical arterial blood flow, non-stress test, 
contraction stress test and biophysical profile scoring 
depending on GA according to the Japanese guidelines, 
the investigator can easily refer to this indication when 
deciding timing of delivery. This indication will be used 
to evaluate fetal baseline condition at enrolment as well. 
We believe that this approach could take advantage of the 
strengths and minimise the possible limitations related to 
open-label trial features.

We retrospectively compared the effect of tadalafil 
in patients with FGR and demonstrated that both fetal 
growth velocity from enrolment to birth and birth weight 
were significantly higher in the tadalafil group than in the 
conventional management group. The required sample 
size of this prospective study was estimated based on 
the results of the retrospective study that used the same 
primary outcome measure. Since patients with FGR were 
enrolled in the retrospective study under similar criteria 
to those in this study, we think that it is reasonable to use 
the results of the retrospective study for the estimation of 
the sample size.
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